Surface states are identified the (111) and A work function calculated. The behavior of the total charge density and potential near the surface is displayed and discussed.
Selfconsistency is found to be of crucial importance.
We have calculated, us1ng self-consistent pseupotentials, the electronic structure for a (111) surface of aluminum.
In agreement with calculations by Caruthers, Kleinman and Alldredge, 1 but in contrast with Boudreaux, 2 we identify surface states below the fermi level, EF' at both r and K in the two dimensional Brillouin zone. The charge density profile is presented for the most localized surface state, which occurs at K, and for the total charge density. The method which we have employed in this calculation has been discussed elsewhere 7 ' 8 and thus will only briefly be outlined below. The crucial point is that we periodically repeat a slab of aluminum with a (111) surface exposed to vacuum on both sides. In this sense, we retain a periodic system and, hence, the usual techniques of the pseudopotential method may be applied. we use a e1ne-n1ma u ~ore potentia1 10 which is then screened in a self-consistent manner using the pseudocharge density. 11 A Hartree potential is derived from this charge density via Poisson's equation, and an exchange potential of the Slater type added.
' 8
Because the bare Al 3 + ion potential diver~es as l/q 2 for small wavevector q, the usual iteratiori procedure to obtain self-consistency is not practica1. 5 However, the screening pote~tial may be altered in a systematic fashion until the "input" screening potential and the "output" screening potential are in essential
In this manner we were able to achieve agreement to within one percent for the inp~t and output potentials. In any event such a comparison is not of great value in judging the accuracy of a surface calculation as a uniform shift in the potential at large distances would alter ¢, but.
not the resulting surface states. Considering the uncertainty involved with the polycrystalline value, 13 we consider the agreement as adequate.
In Fi~. l we display our total charge density in the 14 Although we use this
..
•' At r the surface state occurs at 0.33 Ry below EF and at K we have two surface states at 0.15 Ry and 0.07 Ry below EF.
These latter states do indeed occur between the bulk density of states peaks, and could account, in part, for the photoemission results.
The most localized surface state is the at 0.07 Ry upper state at ~· . In Fig. 2 we display the averaged charge (as in Fig. l) and a contour plot for the charge in the {110)
plane. This state occurs in a rather large energy gap in the projected band structure and its decay is more rapid than at 0.15 Ry the other state at KAor the surface state at r. From the contour plot we see that the charge density of this state is localized in a "cavity" near the surface formed by the first and second atomic layers. Since this state occurs quite near EF and is localized very strongly near the surface, Ry it is expected to be chemically active.
1 The O.l5A surface.
state at K is not as localized, and is quite sensitive to Ry the surface potential. As with the 0.07A state at Kit has charge localized in the cavity regions, but peaks further from the surface.
Finally, the surface state at r, which occurs in the bulk band gap at L in the three dimensional zone, decays quite slowly falling only by 10% from the peak value at the surface to the mid-point bf the slab. • .. 5 ,~-..--.----.-.-.--.-..---.--~-----~------.--.,.._..;_......-.-...;.-..___....__...._~ ... 
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